Background: Treadmill exercise testing has low specificity for the detection of significant epicardial coronary artery disease (CAD). A possible mechanism to explain some of the false positives is transient subendocardial ischemia induced by intraventricular gradients (IVG) during stress. The development of IVG during dobutamine stress echocardiography (DSE) occurs in 8-38% of non-selected populations. Objectives: To determine: 1. the prevalence of IVG in a selected population of false positives on treadmill stress testing; 2. whether this prevalence is different from that described for non-selected populations; 3. whether patient characteristics are related to the presence of IVG; 4. the relation between the presence of IVG and the occurrence of ECG abnormalities, symptoms and blood pressure. Methods and Results: We evaluated 50 consecutive patients with false positive treadmill stress tests (normal CT coronary angiography, nuclear perfusion tests or angiography) with DSE (2D and Doppler evaluation). All DSE exams were negative for ischemia. Stress-induced IVG was seen in 34 of the 50 patients (68%) and 16 patients (32%) did not develop IVG (p < 0.05). The prevalence of IVG in our selected population (68%) was significantly higher than that described for non-selected populations (8-38%) (p < 0.001). Most patient characteristics (gender, age, risk factors for CAD, treatment with beta-blockers/calcium antagonists, significant valvular disease/left ventricular hypertrophy [LVH], symptoms, and blood pressure during stress) were not statistically associated with the prevalence of IVG (p > 0.05). However, the presence of IVG was associated with the occurrence of ischemic ST depression during dobutamine stress echo (p < 0.05).
2. This prevalence is significantly higher than that described for non-selected populations. 3. Age, gender, risk factors for CAD, treatment with beta-blockers/calcium channel antagonists, significant valvular disease/LVH, symptoms and blood pressure during stress were not associated with the presence or absence of IVG. 4. The presence of IVG is associated with the occurrence of ischemic ST changes during dobutamine stress echocardiography. © 2011 Sociedade Portuguesa de Cardiologia. Published by Elsevier España, S.L. All rights reserved.
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Introduction
Treadmill exercise testing is a standard exam for the detection of myocardial ischemia and ST-segment depression during exercise is a positive criterion for ischemia. However, this exam presents low sensitivity (68%) and low specificity (71%) for the detection of significant epicardial coronary artery disease. 1 False positive tests are generally explained by mechanisms such as abnormal repolarization on the baseline ECG (low serum potassium levels, left ventricular [LV] hypertrophy [LVH] , valvular disease and digitalis effect, among others) or excessive increase in blood pressure during exercise. 2 ---4 Another possible explanation is the development of intraventricular gradients (IVG) during exercise. 5 This phenomenon can be identified during stress echocardiography, 6 a test with higher sensitivity (85%) and specificity (86%) for the detection of epicardial coronary artery disease (CAD). 1 IVG develop during dobutamine stress echocardiography (DSE) in 8-38% of non-selected populations and are often described as having no clinical impact. 7---15 However, the prevalence of IVG has never been assessed in a selected population of patients with positive treadmill exercise test and without significant CAD. Objectives 1. To assess the prevalence of IVG during DSE in a selected population of patients with a false positive treadmill exercise test; 2. to determine whether this prevalence is different from that described for non-selected populations; 3. to determine whether patient characteristics (gender, age, risk factors for CAD, treatment with beta-blockers or calcium antagonists and significant valvular disease or LVH) are associated with the presence or absence of IVG; 4. to assess the relation between the presence of IVG and the occurrence of ECG changes, symptoms and blood pressure response to stress.
Methods

Study population
We prospectively studied 50 consecutive patients (36 men, 14 women, aged 31-79 years, mean 55) followed in the outpatient clinic of the Cardiovascular Center of Hospital da Luz with the diagnosis of a false positive treadmill exercise test. These patients were defined as having a positive standard Bruce protocol treadmill exercise test by electrical criteria (horizontal or downsloping ST-segment depression of ≥1 mm for at least 0.08 seconds in two adjacent leads during exercise or recovery) but negative results in an anatomical technique (invasive coronary arteriography or invasive CT coronary angiography with coronary artery stenosis <50%) or in a nuclear functional study (no inducible ischemia). The selection of the anatomical versus functional test to confirm the result of the treadmill test was an individual decision by the consulting cardiologist.
In each patient we assessed general clinical data including gender, age, risk factors for CAD, treatment with beta-blockers or calcium channel antagonists and significant valvular disease or LVH. All of these 50 patients were referred for conventional echocardiography followed by DSE.
Standard echocardiography
All the examinations were performed with the patient in left lateral decubitus position, using a Vivid 7 echocardiographic system (GE Vingmed Ultrasound AS, Horten, Norway) with a 1.7-3.5 MHz phased-array transducer and harmonic imaging, using conventional echocardiographic views, stored digitally for subsequent analysis. All the echocardiographic measurements (M-mode, two-dimensional, blood pool and tissue Doppler echocardiography) were performed in accordance with the recommendations of the American Society of Echocardiography and the European Association of Echocardiography. 16, 17 In accordance with these recommendations, special care was taken to assess the presence and severity of LVH, systolic anterior motion (SAM) of the mitral valve and intraventricular gradients at rest. 16, 17 As patients' filling status could affect intraventricular pressure gradients, LV diastolic function/filling pressures and right atrial pressure (inferior vena cava diameter and respiratory variation) were also assessed. 16, 17 
Dobutamine stress echocardiography
The general stress echocardiography protocol was as recommended by the European Association of Echocardiography 18 and the standard dobutamine stress echo protocol was followed in all patients. Briefly, continuous intravenous infusion of dobutamine was begun with a dose of 5 g/kg/min and increased every 3 min to 10, 20, 30 and 40 g/kg/min. Blood pressure and a 12-lead ECG were recorded at baseline, at the end of each stage of dobutamine infusion and during recovery. We also recorded the symptoms reported during the test and classified the ECG changes as with or without positive criterion for myocardial ischemia. If the target heart rate was not achieved at the peak of dobutamine infusion, intravenous atropine (0.5 up to 2.0 mg) was added.
Besides the standard assessment of new wall motion abnormalities (diagnostic of myocardial ischemia), we also assessed the development of SAM and IVG in the left ventricular outflow tract (LVOT) during the exam. The examination was performed from multiple imaging planes, with the transducer carefully angulated to achieve maximum velocity across the LVOT. Particular care was taken to isolate a spectral Doppler profile showing a relatively slow increase in velocity and culminating in delayed peak velocity in midsystole, a characteristic waveform of LVOT obstruction. Gain and filter settings were adjusted to obtain the signal with the highest audible frequency, maximal peak velocity, and optimal signal-to-noise ratio. The LVOT signal was distinguished from that of mitral regurgitation by direct visualization of color Doppler flow on the two-dimensional images and by recognizing that mitral regurgitation jets are characterized by their earlier onset, more abrupt initial increase in velocity and higher peak velocity than outflow tract gradient waveforms. Midventricular gradients were also carefully excluded by confirming that the recorded peak velocity had its origin in the LVOT (aliasing and SAM in the outflow tract) and not in other areas of the LV cavity (absence of color aliasing near the apex).
Doppler recordings were reviewed independently and randomly by two blinded observers, who only analyzed beats with a Doppler spectral envelope that was assumed to represent the velocities across the LVOT and for which there was sharp and unambiguous definition of the entire waveform contour. Post-ectopic beat waveforms were rejected. The Doppler beam was assumed to be almost parallel to systolic flow in the LVOT and therefore no angle correction was used in the estimation of the pressure gradient. LVOT pressure gradient was estimated by the modified Bernoulli equation (P =4V 2 , where P is the pressure gradient in mmHg and V is the maximum flow velocity in m/s. For each study, Table 2 . Intraventricular gradient of 100.54 mmHg with a biphasic wave and late systolic peak detected during DSE at a heart rate of 161 bpm.
the mean of the three highest velocity beats was obtained. A significant intraventricular gradient was defined as a new peak gradient of 30 mmHg during DSE, with a late systolic peak (Figure 1) , with simultaneous SAM and outflow tract evidence of systolic aliasing on color Doppler.
Statistical analysis
Categorical variables were expressed as percentages and studied using the chi-square test. To determine whether patient characteristics were associated with the presence of IVG and to relate the presence of IVG with the occurrence of ECG changes or symptoms, the statistical analysis program SPSS version 18.0 was used. These results were considered significant if p < 0.05. To compare the selected population with non-selected populations a binomial distribution was used. For this analysis a p-value of <0.001 indicates statistical significance.
Results
The clinical data of 50 patients included in the study are shown in Table 1 . The population included 36 men and 14 women, aged between 31-79 years (mean 55) with a mean body mass index of 24.8. In this population only 18% of patients were asymptomatic; 66% presented fatigue, 32% had typical chest pain and 42% presented atypical chest pain. According to our data, 78% of the patients had risk factors for CAD: 24% had one risk factor, 36% two risk factors and only 4% (two patients) had three risk factors. Only three patients were under treatment with beta-blockers and none were taking calcium channel antagonists (Table 1) . Table 2 shows the results of the ECG, conventional echocardiogram and dobutamine stress echo.
The baseline ECG was normal in all but one patient (patient 3), who presented LVH (Sokolow-Lyon index 37 mm). The standard echocardiogram (performed before the dobutamine stress echo) also did not show relevant abnormalities in most patients (Table 2) . Remarkably, in all patients the LVOT diameter was normal; none of the patients had SAM or LVOT gradient at rest; none of the patients had septal hypertrophy and only one (patient 37) showed concentric LVH (LV mass index 141 g/m 2 , relative wall thickness 0.46, interventricular septum thickness/posterior wall thickness 1.1); and in all patients LV cavity dimensions and volumes were normal, as were conventional indices of global systolic function. Estimation of LV filling pressures, as well as of right atrial pressure (inferior vena cava diameter and respiratory variation), showed normal results in all patients.
During dobutamine stress echocardiography none of the 50 analyzed patients developed echocardiographic signs of myocardial ischemia and the dobutamine stress test was considered negative for ischemia in all of them. However, 34 patients (68%) developed a new IVG in the LVOT, while the other 16 (32%) had no stress-induced IVG (p < 0.05). The mean gradient developed during DSE was 99.32 mmHg, ranging between 50-200 mmHg ( Table 2 ). The prevalence of IVG in our study (68%) was significantly higher than that described for non-selected populations (8-38%) (p < 0.001).
We also evaluated whether certain factors (gender, age, risk factors for CAD, and significant valvular disease or LVH), usually considered predictors of the development of IVG, were associated with their development during DSE. According to our data, none of these factors was statistically associated with the development of IVG (p > 0.05 for all of them). Moreover, we assessed the relation between new IVG and the occurrence of symptoms (dyspnea or angina) and blood pressure levels during DSE. We found that only three patients had symptoms, and no patient had hypotension, during DSE. Therefore neither the occurrence of symptoms nor blood pressure levels showed any significant relation with the development of LVOT gradients (p > 0.05) during DSE.
However, the occurrence of ECG changes with positive criterion for myocardial ischemia during DSE was significantly associated with the development of IVG (p < 0.05).
Discussion
The presence of ventricular gradients during DSE has traditionally been considered a dobutamine-specific effect, with no physiological or clinical significance, 19 and not reproducible during physical exercise. 7, 20 Our study shows that, in a selected population of false positives on treadmill stress testing, a very large proportion of patients (more than two-thirds) develop IVG during DSE. Though this prevalence (68%) is significantly higher than that described for non-selected populations (8-38%), the reasons for this difference and a plausible mechanism to explain it are not easy to find.
However, taking into account the results of our study, it seems reasonable to presume that the two phenomena ---ST depression in the treadmill exercise test and IVG during DSE ---may be linked, perhaps by a cause-effect relation, because during DSE the presence of IVG was also associated with ST-segment depression.
So, in our opinion, the development of intraventricular gradients during stress may not be only a dobutaminespecific effect but may also occur during exercise, which would explain the results of the treadmill exercise tests. The development of IVG during stress (dobutamine or exercise) would increase afterload, with subsequent pressure overload within the LV cavity and increased wall stress. This increased wall stress would decrease subendocardial perfusion, with ECG changes characteristic of subendocardial ischemia 21---25 and in some cases with symptoms of dyspnea or chest pain. 26 Thus, we propose that the intraventricular gradient itself causes subendocardial ischemia 22, 27, 28 with ST-segment Some unexpected findings of our study are the lack of a significant relationship between induced outflow tract gradients and symptoms and blood pressure reduction during DSE. However, the decubitus (non-orthostatic) position of patients during DSE (helping to maintain adequate preload and cardiac output) and the typical late systolic occurrence of these gradients (when most of the LV stroke volume has been ejected from the left ventricle into the aorta) may explain these results.
Finally, the lack of a significant relation between the conventional predictors of IVG 29---31 and the development of LVOT gradients in our study will need to be confirmed in future studies.
Our previous explanation for the association between IVG and ST depression in the exercise test, though conceptually attractive, should be confirmed in clinical settings, with patients undergoing exercise stress echocardiography to assess IVG before, during and after exercise. 32, 33 This will show whether the IVG induced during DSE is reproducible during exercise, and if so, it will confirm our theoretical explanation for the ST depression. Preliminary and still unpublished results from our center suggest that dobutamine-induced IVG are in some cases reproducible during exercise, though the magnitude of the gradient is lower than with dobutamine.
The reasons for this quantitative difference undoubtedly lie in the fact that dobutamine and exercise share some common features but also have different hemodynamic effects. Though they both have positive chronotropic and inotropic effects, 34 dobutamine induces peripheral vasodilatation, 27 while physical exercise induces vasodilatation of the arteries of the exercising muscular territory but visceral arterial vasoconstriction, which may prevent the development of IVG. 7, 20 On the other hand, orthostatism itself leads to a decrease in venous return and preload with a subsequent increase in intraventricular gradients, mainly during the recovery period (when the muscular pump of the lower limbs is absent, no longer preventing the decrease in preload). 35 Finally, the decision to perform another diagnostic test after a negative scintigraphic study or after CT coronary angiography without significant stenosis was taken because most of our patients were still symptomatic and without diagnosis after these tests. As the sensitivity of these methods is not 100% we felt it clinically appropriate to perform another exam that is inexpensive, non-invasive and radiation-free and that could not only rule out ischemia but also provide another explanation for the clinical and treadmill test findings: dobutamine stress echocardiography.
Limitations
Our definition of a false positive treadmill exercise test, based on the normality of different tests (anatomical and functional), contributed to the non-homogeneity of the false positive population and is a limitation of this study. Future studies on this topic should define false positive patients based only on a single functional or anatomical test (even though none of them has 100% sensitivity and specificity).
Another limitation lies in the fact that we did not study a control group of individuals with negative exercise treadmill test in order to compare the proportion of patients with IVG in these patients with those with positive exercise test. However, we used the figures of non-selected populations taken from a number of studies in the literature. 7---15 Finally, and as discussed above, exercise echocardiography should be performed in these patients, to assess the reproducibility of our results under physiological conditions.
Conclusion
This study shows that LV outflow tract gradients during dobutamine stress echocardiography in a selected population of false positives of treadmill stress test occur in more than two-thirds of patients, a significantly higher prevalence than that described in non-selected populations.
The presence of these gradients is associated with the occurrence of ischemic ST-segment changes, but not with symptoms or with blood pressure reduction.
The development of intraventricular pressure gradients during stress may therefore explain some of the false positive results of treadmill exercise tests. To confirm this theory, our results must be reproducible in physiological conditions, during exercise stress echocardiography.
